ABSTRACT: Seven female and two male newborn mamushis, Agkistrodon b. blomhoffii, were raised to maturity in two years. They were fed weighed mice and did not hibernate as they were kept in a heated room in winter. The means of their body weights and total lengths increased from 6.0g and 22.1cm to 121.3g and 54.7cm. There were cyclic peaks in body weight and total length specific growth rates, and these specific growth rates were correlated in the female. Formulae Y=854X3.278 for females and Y=680X3.224 for males were obtained between total length (X m) and body weight (Y g). The monthly weight of food consumed had a higher correlation to the monthly increment of body weight than to that of total length. Body weight (Y g) was also more correlated to total weight of food consumption (X g) than to total length in both sexes. No significant change was observed in conversion efficiency (increment of body either sex. Mean conversion efficiency of females (22.9%) did not significantly differ from that of males (17.4%). Increments of total length and body weight during two years were correlated with both conversion efficiency and total weight of food consumed, and of these four relations, the increments of body weight and weight of total food consumed showed the highest correlation with each other.
INTRODUCTION
Growth in body size has been investigated for various species of snakes, in nature and in captivity. Several authors have reported that snakes grow rapidly preceding sexual maturity, and subsequently more slowly (Fukada, 1961 (Fukada, , 1972 Heyrend and Call, 1951; Pope, 1962; Quinn and Hulsey, 1978 ). An allometric regression equation, Y=aXb, where Y represents body weight and X represents snout-vent or total length, has been presented for many species (Barnard, et al., 1979; Ford, 1974; Fukada, 1961 Fukada, , 1972 Kaufman and Gibbons, 1975; Klauber, 1972) .
There are, however, comparatively few studies on the relationship between growth rate and food consumption. Ford (1974) and Barnard et al. (1979) Recently, Sheldon (1983) argued against the conclusions of the above two authors by indicating that the cumulative procedure increased correlation coefficient dramatically and obscured the important features of amount of consumed food and body weight increments.
There are very few reports of growth in the mamushi. Fukada (1972 Fukada ( , 1980 raised two young mamushis in captivity.
In this paper, we report on the interrelation among parameters of growth of mamushis in captivity. Mean GR in BW, TL and mean FC are shown in Fig. 2 for each sex. There were cyclic peaks in the BW-GR every two to five months. In the BW-GR, the male showed a gradual decrease tendency, whereas the female tended to increase. The cyclic peak in the TL-GR was not so conspicious as that in the BW-GR, but during the last four months the TL-GR decreased continually in each sex. A regression curves for the whole sample is also shown in Fig. 3 . Females are heavier than males, and both sexes of the captive mamushis are heavier than the field-collected mamushis at a given TL.
4), and the correlation coefficient of the former was higher than in the latter for each sex.
Sigmoid curves were used to relate BW (Y g) with total FC (X g), and the calculated equations were Y=331(1-e-0.154-0.00173x)2.088(r=0.990, n=168) for the females and Y=117(1-e-0.632-0.00470x)3.916(r=0.994, n=48) for the males (Fig. 5A) . The increase of the BW slowed with the increase of the total FC in each sex, and this tendency was remarkable in the male. On the other hand, asymptotic curves were used to relate TL (Y cm) with total FC (X g), and the calculated equations were Y= 68.552-45.558e-0.00248x(r=0.984, n=168) for the females and Y=58.727-35.493e-0.00418x (r=0.991, n=48) for the males (Fig. 5B) . From the calculated formulae, it was noted that the TL of the males was longer than that of the females at a given weight of the total FC below 450g. The latter, however, exceed the former above 450g. Comparing the correlation coefficients of BW-total FC with TL-total FC, it appeared that the total FC was correlated more with the BW than with the TL in both sexes.
The CE of each month for individual snakes during two years is shown in Fig.   6 . Plots of the monthly CE for the most part, were distributed between 0 and 50 percent. No significant ontogenic change in the monthly CE was observed in relation with changes in other parameters such as age, TL and BW (Figs. 6, 7) . 
DISCUSSION
and May, and the mamushis did not hibernate but were active throughout the year. Fukada (1972 Fukada ( , 1980 suggested that snakes in the fields grow faster than those kept in indoor cages without air-conditioning. The present results, however, suggest that the mamushi grows faster in captivity than in the wild when the temperature is regulated and the animal is kept active all the year round. In this experiment, snakes were made to consume food for about twice as long a period as in the natural habitat, since snakes hibernate for about half a year in Kagoshima when exposed to the outdoor temperature, which changes seasonally (Moriya and Higashizono, unpubl.). We suppose that the increased food consumption, resulting from the prolonged period of food consumption, is the chief cause of the acceleration of growth of the snake. Fukada (1972) obtained an allometric formula Y=517X2.97 for the relation between BW (Y g) and TL (X m) in field-collected mamushis from Kyoto. Comparing his formula with ours obtained from 970 field-collected mamushis, we found that there is hardly any difference between them. When these formulae are compared with those of hand-raised mamushis, the latter are considerably fatter than the former in both sexes.
significant differences between them in the means of litter sizes and BW of mother snakes when tested by Student's t-test (P<0.001, for each). It is probable that such fat captive mamushis are more fertile than wild mamushis.
It has been reported that growth in snakes is rapid preceding sexual maturity and slows down subsequently (Fukada, 1961 (Fukada, , 1972 Heyrend and Call, 1951; Pope, 1962; Quinn and Hulsey, 1978) . Isogawa and Uchino (unpubl.) found that, with regard to field-collected mamushis, males reached sexual maturity in about three years and when TL was about 40cm, whereas females reached sexual maturity when TL reached 46cm or more. Growth in TL of mamushis in the present study, however, did not show any slowing after these sizes in either sex.
Ford (1974) and Barnard et al. (1979) reported that the BW had a high linear correlation to cumulative food consumption. In the present experiment, however, the sigmoid curves shown in Fig. 5A appeared to fit better than the linear regression formula (Y=1.11+0.250X, r=0.987 for the females and Y=5.480+0.197X , r= 0.986 for the males), when comparing the correlation coefficients. Quinn and Hulsey (1978) examined the GR of Naja naja, and reported that there were cyclic peaks in the TL-GR and the BW-GR. The GR tends to be the highest during the first month and gradually decreases. However, the TL-GR of mamushis was low during the first and the last several months and comparatively high during the middle period. It is probable that the growth hormone, the amount of food consumption and the change of temperature cause such changes in the growth.
Mamushis in the present study showed no significant ontogenic change in CE.
3.9 (25.6% in CE) for two-year old Diadophis punctatus arnyi and 1:3.1 (30.2% in CE) for six to seven-year-old snakes, both in captivity with a variety of food items. 
